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SUMMARY OF PROPOSAL 
Previous experiments w i t h  moving p la t fo rm posturography have shown t h a t  
d i f f e r e n t  people have vary ing a b i l i t i e s  t o  reso lve  c o n f l i c t s  among ves t i bu la r ,  
v isua l ,  and p rop r iocep t i ve  sensory s ignals.  I n  p a r t i c u l a r ,  there i s  one c lass  
of sub jec ts  w i t h  a v e s t i b u l a r  d isorder  known as benign paroxysmal p o s i t i o n a l  
v e r t i g o  (BPPV) who o f ten  are p a r t i c u l a r l y  s e n s i t i v e  t o  inaccura te  v i sua l  
in fo rmat ion .  That i s ,  they w i l l  use v i sua l  sensory in fo rmat ion  f o r  the c o n t r o l  
o f  t h e i r  posture even when t h a t  v isual  i n fo rma t ion  i s  inaccura te  and i s  i n  
c o n f l i c t  w i t h  accurate p ropr iocept ive  and v e s t i b u l a r  sensory s ignals .  BPPV has 
been associated w i t h  d isorders  of both p o s t e r i o r  semic i r cu la r  canal f u n c t i o n  
and poss ib l y  o t o l i t h  func t ion .  The conceptual bas is  o f  the present  proposal 
hinges on the s i m i l a r i t i e s  between the space motion s ickness problem and the 
sensory o r i e n t a t i o n  reference se lec t i on  problems associated w i t h  the BPPV 
syndrome. These s i m i l a r i t i e s  inc lude bo th  e t i o l o g y  r e l a t e d  t o  abnormal 
v e r t i c a l  c a n a l - o t o l i t h  funct ion,  and mot ion s ickness i n i  t i a t i n g  events provoked 
by p i t c h  and r o l l  head movements. 
The ob jec t i ves  o f  t h i s  proposal a re  t o  exp lo re  and q u a n t i f y  the o r i e n t a t i o n  
reference s e l e c t i o n  a b i l i t i e s  of subjects  and the r e l a t i o n  o f  t h i s  s e l e c t i o n  t o  
mot ion s ickness i n  humans. The ove ra l l  ob jec t i ves  of  t h i s  proposal a re  t o  
determine (1) i f  mot ion sickness s u s c e p t i b i l i t y  i s  r e l a t e d  t o  sensory 
o r i e n t a t i o n  reference s e l e c t i o n  a b i l i t i e s  of subjects,  (2 )  i f  abnormal v e r t i c a l  
cana l -o to l i  t h  f u n c t i o n  i s  the source o f  abnormal posture c o n t r o l  s t r a t e g i e s  and 
i f  i t  can be q u a n t i f i e d  by ves t i bu la r  and oculomotor r e f l e x  measurements, and 
( 3 )  i f  q u a n t i f i a b l e  measures o f  percept ion o f  v e s t i b u l a r  and v i sua l  mot ion cues 
can be r e l a t e d  t o  mot ion s i  ckness suscept i  b i  1 i ty and t o  o r i e n t a t i o n  reference 
s e l e c t i o n  a b i l i t y .  
SUMMARY OF PROJECT STATUS 
Three t e s t  devices a re  requ i red  f o r  the proposed experiments. They are  (1) 
moving posture p la t form,  ( 2 )  servo c o n t r o l l e d  v e r t i c a l  a x i s  r o t a t i o n  c h a i r  w i t h  
an independent ly c o n t r o l l a b l e  op tok ine t i c  s t imu la to r ,  and (3) a two-axis 
r o t a t i o n  c h a i r  f o r  the generat ion of p i t c h  and r o l l  motions. The f i r s t  two 
devices are  c u r r e n t l y  f unc t i ona l  and a r e  r o u t i n e l y  used f o r  bo th  c l i n i c a l  and 
research tes t i ng .  The t h i r d  device i s  under development. The development o f  
t h i s  two-axis r o t a t o r  has been a major focus i n  the f i r s t  year  and w i l l  be 
descr ibed i n  more d e t a i l  below. 
The second focus was on experiments i n v o l v i n g  the perceptual  feedback technique 
developed by Zacharias and Young (Exp Bra in  Res, 41:159-171, 1981). he have 
a l s o  i n i t i a t e d  some p re l im ina ry  experiments us ing  b i l a t e r a l  i c e  water c a l o r i c  
s t i m u l i  on the moving posture plat form. This technique may prov ide  a use fu l  
t o o l  f o r  temporar i l y  a l t e r i n g  ves t i bu la r  i n p u t  t o  posture cont ro l ,  and may 
permi t  a s imple measure o f  the r e l a t i v e  c o n t r i b u t i o n s  o f  v i sua l  and 
p rop r iocep t i ve  cues t o  posture contro l .  
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TWO-AXIS ROTATOR DEVELOPMENT 
The two-axis r o t a t o r  i s  a v e r s a t i l e ,  general purpose s t i m u l a t o r  f o r  v e s t i b u l a r  
and v i s u a l - v e s t i b u l a r  i n t e r a c t i o n  studies. It cons is ts  o f  two gimbals powered 
by r o t a r y  hydrau l i c  actuators.  The inner  gimbal produces yaw a x i s  r o t a t i o n s  of 
the  subject .  The outer  gimbal r o t a t e s  the sub jec t  about a h o r i z o n t a l  a x i s  which 
passes through the s u b j e c t ' s  ears. Figures 1-4 show the device i n  d i f f e r e n t  
o r i e n t a t i o n s .  
We have been working on 4 p r o j e c t s  r e l a t e d  t o  the two-axis r o t a t o r  i n  the pas t  
6 months. These are  (1) design o f  a c h a i r / r e s t r a i n t  system f o r  subjects,  ( 2 )  
design and cons t ruc t ion  o f  a op tok ine t ic  (OK) p r o j e c t o r  and p r o j e c t i o n  screen, 
( 3 )  design of a DC servo c o n t r o l l e d  torque motor which w i l l  be interchangeable 
w i t h  e i t h e r  the yaw or  p i t c h  a x i s  hydraul ic  actuators,  and (4 )  s e l e c t i o n  o f  
components fo r  a v ideo based eye movement record ing  and a n a l y s i s  system. 
Cha i r/Res t r a i  n t  Sys tem 
The o b j e c t  o f  the c h a i r / r e s t r a i n t  system i s  t o  ho ld the sub jec t  f i rm ly  and 
comfor tab ly  i n  p o s i t i o n  dur ing  motion o f  the two-axis r o t a t o r .  The 
c h a i r / r e s t r a i n t  system shown i n  Figures 1-4 i s  p a r t i a l l y  func t iona l ,  b u t  i s  
in tended on ly  as a mock-up used t o  work o u t  the  design p r i n c i p l e s  f o r  the f i n a l  
chai r .  Based on t h i s  mock-up chai r ,  we have near ly  completed the design f o r  
the  f i n a l  c h a i r  assembly. The c h a i r  w i l l  be ad jus tab le  a long three axes w i t h i n  
t h e  i n n e r  gimbal. This adjustment w i l l  a l l o w  f o r  p o s i t i o n i n g  any s u b j e c t  a t  
t h e  center  o f  r o t a t i o n  o f  the two gimbal axes. It w i l l  a l s o  a l l o w  f o r  some 
degree o f  o f f - a x i s  p o s i t i o n i n g  o f  the head. 
Op t o k i  ne ti c P r o j e c t o r  
The o p t o k i n e t i c  p r o j e c t o r  prov ides a f u l l  f i e l d  v i s u a l  s t imu lus  t o  a s u b j e c t  
seated i n  the  two a x i s  r o t a t o r .  Visual f i e l d  r o t a t i o n  i s  c o n t r o l l e d  by a s m a l l  
torque motor which d r i v e s  a s l i t  p r o j e c t o r  through gear reduc t ion  b e l t s .  The 
compact p r o j e c t o r  can be mounted e i t h e r  above o r  t o  the s i d e  o f  the  s u b j e c t ' s  
head. Mounting the p r o j e c t o r  above the head provides a v i s u a l  s t imulus moving 
about the  s u b j e c t ' s  yaw axis.  Mounting t o  the s ide o f  the  head prov ides a 
v e r t i c a l  OK st imulus.  Two d i f f e r e n t  c y l i n d r i c a l  screens, one h o r i z o n t a l  and 
one v e r t i c a l ,  prov ide the surface on which the  images o f  s t r i p e s  are pro jected.  
Pre l im inary  t e s t s  showed t h a t  the o r i g i n a l  b e l t  d r i v e  gear reduc t ion  system d i d  
n o t  prov ide an adequately smooth st imulus motion. The b e l t  d r i v e  has been 
redesigned t o  c o r r e c t  t h i s  problem, and i s  c u r r e n t l y  be ing modif ied. 
E l e c t r i c  Torque Motor 
There i s  a c lass  o f  experiments where sustained constant  v e l o c i t i e s  have proven 
u s e f u l  i n  i d e n t i f y i n g  v e s t i b u l a r  r e f l e x  responses r e l a t e d  t o  o t o l i t h  func t ion .  
These experiments i n v o l v e  r o t a t i n g  a subject  a t  constant v e l o c i t y  about an a x i s  
t i 1 ted  off o f  e a r t h  v e r t i c a l .  Subjects produce sustained h o r i z o n t a l  eye 
movements under these condi t ions.  Animal experiments have shown t h a t  these eye 
movements are the r e s u l t  o f  c e n t r a l  processing o f  o t o l i t h  responses. 
Since t h i s  grant  i s  i n t e r e s t e d  i n  o t o l i t h  funct ion,  and sensory i n t e g r a t i o n  o f  
o t o l i t h ,  semic i rcu la r  canal, and v isua l  motion in format ion,  we have been 
designing a DC torque motor system which would permi t  constant  v e l o c i t y  o r  very 
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low frequency r o t a t i o n a l  movements. 
hydrau l i c  a c t u a t o r s  t h a t  a r e  cu r ren t ly  i n  the two-axis r o t a t o r .  
The motor will be in te rchangeable  w i t h  the 
The pre l iminary  d e s i g n  of t h i s  motor h a s  been completed and i s  shown i n  Figure 
5. The motor will h a v e  120 f t - l b  of to rque ,  and will be a b l e  t o  deliver t h a t  
to rque  a t  a peak v e l o c i t y  of 320 deg/sec. Higher v e l o c i t i e s  will be poss ib l e  
a t  reduced torques.  The power supply ,  t ransformer ,  s e rvo  c o n t r o l l e r  and motor 
h a v e  been ordered from Inland Motor Corp. The d e t a i l e d  motor housing d e s i g n ,  
f a b r i c a t i o n ,  and assembly will be done by J.A. Design, Greensburg PA. T h i s  i s  
the same company t h a t  b u i l t  the bas ic  two-axis r o t a t o r .  The complete motor is  
scheduled f o r  de l ivery  i n  about  7 months. 
Video Eye Movement System 
Eye movements evoked by v e s t i b u l a r  and v isua l  system reflexes i n  our two-axis 
r o t a t o r  will be three dimensional. In o rde r  t o  s tudy these reflexes i t  w i l l  be 
necessary  t o  record the eye movements i n  r e l a t i o n s h i p  t o  the stimuli w h i c h  
cause them. Original  p lans  f o r  u s i n g  a search  c o i l  system, o r  d i f f e r e n t i a l  IR 
r e f l e c t i o n  systems have been re j ec t ed  i n  favor  of a video based system. The 
video system c o n s i s t s  of record ing  and a n a l y s i s  subsystems. The record ing  
subsystem inc iudes  a monocnrome camera, IR i i g n t  source,  time coae genera tor ,  
monitor,  video genlocking system f o r  synchronizing video and computer t i m i n g ,  
and video t ape  recorder .  The ana lys i s  subsystem c o n s i s t s  of a frame grabber ,  
time code decoder,  and computer software f o r  a n a l y s i s  of eye p o s i t i o n  from 
information from the video s i g n a l .  Equipment f o r  the record ing  ha l f  of the 
system has been s p e c i f i e d  and ordered. The a n a l y s i s  ha l f  i s  only p a r t i a l l y  
specified a t  t h i s  time, and will be a major p r o j e c t  f o r  the coming g r a n t  year .  
The major pieces of record ing  equipment inc lude  a PULNi X TM440S 1/1000th second 
shuttered CCD camera w i t h  remote head, Datam 5300 i n t e l l i g e n t  time processor ,  
and Gyyr video tape reco rde r  w i t h  freeze f i e l d  playback c a p a b i l i t y .  This  
system should provide c l e a r  images of the eye 60 times per second. Each video 
f i e l d  would be marked w i t h  a unique code which is synchronized w i t h  t h e  t iming  
of da ta  c o l l e c t e d  on t h e  computer which c o n t r o l s  the two-axis r o t a t o r .  
PERCEPTUAL FEEDBACK EXPERIMENTS 
In 1981, Zacharias  and Young presented a method w h i c h  allowed f o r  the 
q u a n t i f i c a t i o n  of a s u b j e c t ' s  percept ion of r o t a t i o n  under  the combined 
influence of v i sua l  and v e s t i b u l a r  cues. In this technique, the s u b j e c t  h a s  
con t ro l  over t h e  r o t a t i o n a l  motion of the c h a i r  by a d j u s t i n g  a potent iometer .  
Sub jec t s  a r e  sea ted  i n  the ve r t i ca l  a x i s  r o t a t i o n  test  room w i t h  the 
potent iometer  mounted on the arm of the cha i r .  The output  of t h i s  
po ten t iometer  is summed w i t h  a ve loc i ty  command s igna l  from a computer and this 
sumned s igna l  i s  delivered t o  the ve loc i ty  command i n p u t  of t he  c h a i r ' s  s e r v o  
motor. The goal of the subject i s  t o  cont inuously a d j u s t  t h e  po ten t iometer  so 
t h a t  they feel l ike  they a r e  no t  moving. A "pe r fec t "  subject would be a b l e  t o  
hold themselves s t a t i o n a r y  i n  space by a d j u s t i n g  the poten t iometer  so t h a t  i t s  
ou tpu t  was equal b u t  oppos i te  t o  the computer 's  command s i g n a l .  " Rea 1 'I 
subjects do not  remain s t a t i o n a r y  because of the dynamics of the i r  motion 
percept ion  and motor r e a c t i o n  systems, and because of presumed imbalances i n  
the v e s t i b u l a r  receptors .  
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The r o t a t i o n  o f  the sub jec t ’ s  cha i r  and the v i sua l  surround can be 
independent ly manipulated. We have used 8 d i f f e r e n t  sensory environments f o r  
our p re l im ina ry  experiments. These inc lude (1) c h a i r  r o t a t i o n  i n  the dark, (2) 
r o t a t i o n  of the v i sua l  surround w i t h  the c h a i r  s ta t i ona ry ,  ( 3 )  c h a i r  r o t a t i o n  
w i t h  the v i sua l  surround v e l o c i t y  equal t o  the  c h a i r  ve loc i t y ,  ( 4 )  c h a i r  
r o t a t i o n  w i t h  a constant  v e l o c i t y  surround, ( 5 )  c h a i r  r o t a t i o n  w i t h  the 
v e l o c i t y  of the v i sua l  surround equal t o  the c h a i r  v e l o c i t y  p lus  a constant,  
( 6 )  c h a i r  r o t a t i o n  w i t h  a s t a t i o n a r y  v i sua l  surround, ( 7 )  c h a i r  r o t a t i o n  w i t h  a 
t ime delayed, e a r t h  referenced v isua l  surround, and ( 8 )  c h a i r  r o t a t i o n  w i t h  a 
t ime delayed, c h a i r  referenced v isua l  surround. Condi t ion ( 2 )  i s  used t o  t e s t  
the motor Contro l  dynamics o f  the subject .  Condi t ions (1) and ( 3 ) - ( 8 )  
represent  a v a r i e t y  o f  sensory environments i n  which the sub jec t  i s  fo rced t o  
deal w i t h  e i t h e r  accurate, inaccurate,  c o n f l i c t i n g ,  o r  absent sensory cues 
about t h e i r  motion. 
Since the l a s t  progress repor t ,  we have added the two sensory environments (7) 
and (8 )  l i s t e d  above. Both o f  these add a t ime delay between c h a i r  r o t a t i o n  
and the r o t a t i o n  o f  the v i sua l  surround. Time delays are  o f  i n t e r e s t  because 
o f  t h e i r  p o t e n t i a l  t o  d i s r u p t  the coord ina t ion  o f  r e f l e x e s  associated w i t h  
o r i e n t a t i o n  con t ro l .  
Nine sub jec ts  have been tes ted  i n  a p ro toco l  which inc luded t e s t s  o f  ho r i zon ta l  
VOR f u n c t i o n  as w e l l  as the e i g h t  perceptual  feedback tes ts .  The goal o f  these 
p r e l i m i n a r y  experiments was t o  (1) gain experience w i t h  t h i s  technique, ( 2 )  
v e r i f y  the r e s u l t s  o f  Zacharias and Young, (3 )  extend the r e s u l t s  o f  Zacharias 
and Young by i n c l u d i n g  a wider v a r i e t y  o f  sensory environments, (4 )  determine 
the  consistency o f  r e s u l t s  f o r  i n d i v i d u a l  sub jec ts  tes ted  over time, and ( 5 )  
l ook  f o r  c o r r e l a t i o n s  between VOR and perceptual  feedback t e s t  resu l t s .  These 
techniques w i l l  l a t e r  be extended t o  the  two-axis r o t a t o r ,  compared w i t h  
r e s u l t s  of moving p la t fo rm posturography, and co r re la ted  w i t h  the  r e s u l t s  of 
v e s t i b u l a r  and oculomotor r e f l e x  measurements and measurements o f  mot ion 
s ickness s u s c e p t i b i l i t y .  
These p re l im ina ry  experiments demonstrated the importance o f  c o n t r o l  f o r  
p a r t i c u l a r  we found t h a t  the aud i to ry  cues from the OK p r o j e c t o r  motor 
i n f l uenced  the exper imental  outcome. For example, sub jec ts  exposed t o  
r o t a t i o n s  i n  the  dark ( t e s t  (1)) of ten  d r i f t e d  i n  one d i r e c t i o n  o r  the o ther  
du r ing  the three minute tes t .  This was expected from the r e s u l t s  o f  Zacharias 
and Young. Subjects tes ted  w i th  the  c h a i r  referenced v i sua l  s t imu lus  ( t e s t  
( 3 ) )  should a l s o  experience d r i f t  s ince the v i sua l  s t imu lus  a v a i l a b l e  t o  them 
does n o t  g ive  any absolute, o r  ea r th  re ferenced v i sua l  in fo rmat ion .  However 
sub jec ts  tes ted  i n  e a r l i e r  experiments under cond i t i on  ( 3 )  d i d  n o t  d r i f t .  
Resul ts  from the same subjects  tested w h i l e  wearing an a u d i t o r y  masker (Sony 
Walkman tuned between FM s t a t i o n s  t o  g i ve  an approximate wh i te  no ise s i g n a l )  
showed the expected d r i f t .  This confirmed t h a t  they were r e c e i v i n g  a u d i t o r y  
mot ion cues. I n  a d d i t i o n  t o  aud i to ry  masking, we are  s h i e l d i n g  a p o r t i o n  o f  
the per iphera l  v i s u a l  f i e l d  of the t e s t  sub jec ts  so tha t  they cannot see t h e i r  
legs, o r  the f l o o r  and c e i l i n g  o f  the t e s t  room. 
extraneous mot ion cues du r ing  the perceptual  feedback experiments. It 
Some o f  the data on the n ine subjects tes ted  has been analyzed. Resul ts i n  a 
g iven sub jec t  were repeatable f o r  the perceptual  feedback t e s t  performed i n  the 
dark. This i s  shown i n  F igure 6 which p l o t s  the average d r i f t  i n  c h a i r  
v e l o c i t y  f o r  the n ine subjects  tested two d i f f e r e n t  times. We a l s o  found t h a t  
r e s u l t s  o f  ho r i zon ta l  VOR t e s t s  were repeatable w i t h i n  subjects.  F igure  7 
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shows t h e  tes t - re test  resul ts  Of horizontal VOR b i a s  measured d u r i n g  a 0.05 Hz 
rotation tes t .  VOR b i a s  is  a measure of the average slow phase  eye velocity 
over an integer number of stimulus cycles. 
The a r t i c l e  by Zacharias  a n d  Young suggested t h a t  the d r i f t  of the subject 
d u r i n g  the rotation i n  the d a r k ,  or the c h a i r  referenced vision t e s t  m i g h t  be 
due to an imbalance i n  the encoded motion information coming from the two 
halves o f  the vestibular system i n  opposite ears. T h i s  i s  a l so  the 
interpretation w h i c h  i s  generally given t o  the presence of b i a s ,  or directional 
preponderance observed i n  t e s t s  of horizontal VOR function. We anticipated 
t h a t  there m i g h t  be a correlation between the d r i f t  observed i n  perceptual 
feedback t e s t s  a n d  the b i a s  recorded i n  VOR tes ts .  However we have not found 
any obvious correlation between these two measures i n  the subjects tested to  
date (F igure  8). I t  may be possible t h a t  normal subjects have too small a 
range of b i a s  and  d r i f t  t o  provide a re l iable  correlation. However the b i a s  
measured f o r  a given subject does appear  t o  remain consistent over time, as  
does d r i f t .  T h a t  is,  the r e l i ab i l i t y  of the measurement of these two 
parameters seems to  be f a i r l y  good. T h i s  would argue t h a t  the lack of 
correlation between these two measures i s  real, a n d  not a n  a r t i f a c t  of their  
limited range, a t  least i n  normal subjects. Testing additional subjects should 
be able to  sharpen these conclusions. 
Abnormal subjects w i t h  large biases determined from horizontal VOR t e s t s  will 
be selected from the* cl inical  population w i t h i n  the Clinical Vestibular Lab. 
Testing subjects w i t h  larger VOR biases should make any possible correlations 
w i t h  the perceptual feedback experiments more evident. 
BILATERAL CALORIC TEST D U R I N G  MOVING PLATFORM POSTUROGRAPHY 
The calor ic  test is  one of the tradit ional tests o f  ves t ibu la r  function. I t  is  
u s u a l l y  performed w i t h  the subject i n  a supine position. In t h i s  position, the 
i r r iga t ion  o f  the external ear canal w i t h  water above or below body temperature 
a r t i f i c i a l l y  stimulates the horizontal semicircular canal . T h i s  stimulation 
induces a feeling o f  rotation and horizontal plane VOR eye movements. 
When t h e  head is i n  an u p r i g h t  position, the caloric stimulus should 
theoretically stimulate the vertical  semicircular canals. Since the vertical  
canals presumably contribute t o  the control of posture, we were curious about 
the e f fec t  of a caloric stimulus on posture control. If i t  i s  possible t o  
effect ively d i s r u p t  the normal i n p u t  of vertical canal motion cues to  the 
central nervous system u s i n g  a caloric stimulus, t h i s  may give us a useful too1 
for exploring how the orientation control system behaves i n  the presence of 
altered vestibular cues. 
We have performed several simultaneous b i la te ra l  ice water calor ics  on normal 
subjects, a n d  observed the e f f ec t  on their  posture control. The moving posture 
p la t form provides a good tool for these t e s t s  since i t  can be used t o  force the 
t e s t  subject to  rely primarily on the vestibular system for posture control. 
W i t h  the subject 's  eyes closed t o  eliminate visual  orientation cues, and  w i t h  
the platform sway referenced t o  the subject 's anterior-posterior sway, m i n i m a l  
propri ocepti ve and  v i  sua1 moti on cues are received. By el i m i  na ti ng these cues , 
the subject is  forced t o  rely on vestibular i n p u t .  If v e s t i b u l a r  cues are  
d i s r u p t e d  u s i n g  a simultaneous bilateral  caloric stimulation, then the subject 
should not be a b l e  t o  control their posture, and  they should f a l l .  
5 
Following a 12 second bilateral irrigation w i t h  2Occ ice water, subjects 
demonstrated profound posture control disturbances. The results for one 
subject are shown i n  Figure 9. These disturbances lasted a b o u t  2 minutes w i t h  
a recovery t o  control values i n  a b o u t  4 t o  6 minutes. 
I t  i s  clear from these Preliminary posture tests t h a t  we are a b l e  t o  disrupt 
vestibular cues necessary for POStUre control i n  normal subjects using 
bilateral ice water calorics. We i n t e n d  t o  extend these experiments t o  test 
posture control under other sensory conditions. For example, i t  will be 
interesting t o  see i f  we are  able t o  reveal underlying preferences for either 
v i sua l  or proprioceptive orientation cues i n  a given subject when their 
vestibular systems are disrupted. Perhaps subjects who prefer one sensory 
system over another when confronted w i t h  con f l i c t ing  sensory cues are more 
susceptible t o  motion sickness. 
6 
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irrigations. 
beginning at t=O:OO. 
Posture test results following bilateral ice water caloric 
Irrigations were 20cc ice water injected over 12 seconds 
